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(54) Variable gain control 

(57) In a radio apparatus including a plurality of var- 
iable-gain amplifiers (101 and 107-108; 201-202 and 
208) and at least one frequency converter (102, 203) 
which are connected in series, a gain controller includes 
a plurality of gain control lines (111-113, 210-21 2)and a 



gain control signal generator (110, 209). The gain con- 
trol lines are connected to the variable-gain amplifiers, 
respectively. The gain control signal generator individu- 
ally generates a plurality of gain control signals which 
are supplied to the variable-gain amplifiers through the 
gain control lines, respectively. 
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Description 

The present invention generally relates to automat- 
ic gain control (AGC) and, in particular, to gain controller 
and method for a plurality of variable-gain amplifiers s 
which are used in a radio apparatus such as a radio re- 
ceiver or a radio transmitter. 

There has been disclosed a radio receiver including 
an AGC circuit which is designed to avoid distortion of 
an amplified signal and thereby improve a signal-to- 10 
noise ratio (S/N) in Japanese Patent examined Publica- 
tion No. 3-2481 3. The radio receiver is provided with two 
radio-frequency (RF) variable gain amplifiers, a fre- 
quency converter, and an intermediate-frequency (IF) 
variable gain amplifier. The AGC circuit controls the re- is 
spective gains of the RF amplifiers and the IF amplifier 
so as to keep the output signal level of the IF amplifier 
constant. 

According to the conventional AGC circuit, the re- 
spective gains of the second RF amplifier and the IF am- 20 
plifier are variable within different restricted gain ranges 
with respect to the output signal level of the IF amplifier. 
Referring to Fig. 4 of the above publication No. 3-2481 3, 
as the gain control signal Vc increases, the gains of the 
three amplifiers are sequentially reduced. More specif- 2s 
ically, the gain of the IF amplifier is first reduced and then 
kept at a first reduced gain level. Since the gain of the 
I F amplifier is not reduced to below the first reduced gain 
level, in cases where the gain control signal vc becomes 
further larger, the gain of the second RF amplifier is re- 30 
duced and then kept at a second reduced gain level 
which is lower than the first reduced gain level. When 
the variable gain control signal Vc becomes furthermore 
larger, the gain of the first RF amplifier is finally reduced. 

According to the conventional AGC as described 35 
above, however, as the radio received signal increases 
in level, a higher level of distortion occurs in the latter 
stage, that is, the frequency converter and the IF ampli- 
fier. In other words, even when the gain of the IF ampli- 
fier falls to the first reduced gain level, in cases where 40 
the first and second RF amplifiers are set to the maxi- 
mum gain, the frequency converter receives a high level 
of RF signal from the second RF amplifier Therefore, 
the IF amplifier also receives a high level of IF signal. 
This results in increased levels of distortion in the fre- 45 
quency converter and the IF amplifier 

It is possible to reduce distortion even in the case 
of high input level by increasing the chip areas of active 
devices or flowing larger current through transistors of 
output stages. However, such a method results in in- so 
creased chip size and cost. Especially, in the case of 
battery-powered radio apparatuses, the larger power 
consumption, the shorter the life time of a battery. 

Further, the conventional AGC circuit as described 
above has difficulty in providing electrical isolation ss 
among the RF and IF amplifiers. The reason is that 
these variable-gain amplifiers are controlled by a single 
control signal generated by a gain control signal gener- 



ator. Needless to say, the higher the frequency and the 
input level, the lower the degree of isolation. Therefore, 
it is more difficult to provide electrical isolation between 
the first and second RF amplifiers. In addition, the single 
control signal is supplied to the RF and IF amplifiers 
through a single control line. This provides less isolation 
between them and, at worst, may cause the amplifiers 
to oscillate. 

An object of the present invention is to provide a 
gain controller and a gain control method which 
achieves the stable amplification in a radio apparatus. 

Another object of the present invention is to provide 
a gain controller and a gain control method which can 
reduce distortion in a radio apparatus without increasing 
the size and power consumption. 

Still another object of the present invention is to pro- 
vide a radio receiver and a radio transmitter which can 
improve the ratio of signal to noise with simplified circuit 
configuration. 

According to an aspect of the present invention, in 
a radio apparatus which includes a plurality of variable- 
gain amplifiers and at least one frequency converter 
which are connected in series, a gain controller is com- 
prised of a plurality of gain control lines connected to 
the variable-gain amplifiers, respectively and a gain 
control signal generator for individually generating a plu- 
rality of gain control signals which are supplied to the 
variable-gain amplifiers through the gain control lines, 
respectively. 

Since the gain control signals are individually sup- 
plied to the variable-gain amplifiers through the gain 
control lines, respectively, it can provide improved iso- 
lation between the variable-gain amplifiers and the ef- 
fective prevention of malfunction such as undesired os- 
cillation. 

A frequency converter may be connected to a first 
stage for a relatively high frequency at one end and con- 
nected to a second stage for a relatively low frequency 
at the other end, each stage including at least one var- 
iable-gain amplifier. In this arrangement the variable- 
gain amplifiers can individually vary in gain depending 
on the gain control signals, respectively, such that a var- 
iable-gain amplifier of the first stage decreases in gain 
before a variable-gain amplifier of the second stage 
does when the output signal increases in level to more 
than a predetermined level, and a variable-gain ampli- 
fier of the second stage increases in gain before a var- 
iable-gain amplifier of the first stage does when the out- 
put signal decreases in level to less than the predeter- 
mined level. Further, the first stage includes a first 
number of variable-gain amplifiers and the second stage 
includes a second number of variable-gain amplifiers, 
the first number being smaller than the second number. 

The variable-gain amplifiers may individually vary 
in gain depending on the gain control signals, respec- 
tively, such that a leading variable-gain amplifier of the 
second stage decreases in gain before a variable-gain 
amplifier of the first stage does when the output signal 
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increases in level to more than a predetermined level, 
and a variable-gain amplifier of the first stage increases 
in gain before the leading variable-gain amplifier of the 
second stage when the output signal decreases in level 
to less than the predetermined level. 

The variable-gain amplifiers may individually vary 
in gain depending on the gain control signals, respec- 
tively, such that the variable-gain amplifiers sequentially 
decrease in gain in order of a signal stream when the 
output signal increases in level to more than a predeter- 
mined level, and the variable-gain amplifiers sequential- 
ly increase in gain in the reverse order of the signal 
stream when the output signal increases in level to more 
than a predetermined level. 

The variable-gain amplifiers may individually vary 
in gain depending on the gain control signals, respec- 
tively, such that the variable-gain amplifiers sequentially 
decrease in gain in the reverse order of a signal stream 
when the output signal increases in level to more than 
a predetermined level, and the variable-gain amplifiers 
sequentially increase in gain in the order of the signal 
stream when the output signal increases in level to more 
than a predetermined level. 

The respective input levels of the variable-gain am- 
plifiers provided downstream of the signal stream are 
prevented from becoming higher than is necessary. This 
results in effectively reduced distortion and power con- 
sumption and further simplified circuit configuration, 
which can achieve space and cost saving. 

Fig. 1 is a block diagram showing a first embodi- 
ment of a gain control circuit applied to a radio re- 
ceiver according to the present invention; 

Fig. 2 is a graph showing a first embodiment of a 
gain control method applied to the radio receiver ac- 
cording to the present invention; 

Fig. 3 is a graph showing a second embodiment of 
a gain control method applied to the radio receiver 
according to the present invention; 

Fig. 4 is a block diagram showing a second embod- 
iment of a gain control circuit applied to a radio 
transmitter according to the present invention; 

Fig. 5 is a graph showing a third embodiment of a 
gain control method applied to the radio transmitter 
according to the present invention: 

Fig. 6 is a block diagram showing a third embodi- 
ment of a gain control circuit applied to the radio 
transmitter according to the present invention; 

Fig. 7A is a diagram showing an example of a var- 
iable gain amplifier used in the first, second and 
third embodiments of the gain control circuit; 



Fig. 7B is a diagram showing another example of a 
variable gain amplifier used in the first, second and 
third embodiments of the gain control circuit; 

5 Fig. 8 is a diagram showing an example of a demod- 
ulator used in the radio receiver; 

Fig. 9 is a diagram showing an example of a gain 
control signal generator used in the first, second 
10 and third embodiments of the gain control circuit; 

Fig. 10 is a diagram showing an example of a gain 
offset setting circuit used in the gain control signal 
generator of Fig. 9; 

15 

Fig. 11 is a diagram showing another example of a 
gain offset setting circuit used in the gain control sig- 
nal generator of Fig. 9; 

20 Fig. 12 is a diagram showing an example of a level 
information generator used in the radio transmitter 
of Fig. 6; and 

Fig. 1 3 is a diagram showing another example of a 
2S level information generator used in the radio trans- 
mitter of Fig. 6. 

GAIN CONTROL OF RECEIVER 

30 Referring to Fig. 1 , a radio receiver is provided with 
a first variable-gain amplifier 101 which amplifies a ra- 
dio-frequency (RF) received signal R (N by a controlled 
gain G v The output of the first variable-gain amplifier 
101 is converted to an intermediate-frequency (IF) sig- 

35 nal by a frequency converter 102. The frequency con- 
verter 102 is comprised of a first band-pass filter 103, a 
mixer 104, a local oscillator 105 and a second band- 
pass filter 1 06. The first band-pass filter 1 03 passes only 
signals of a predetermined RF band through. The mixer 

40 104 mixes the RF signal with a local oscillation signal 
generated by the local oscillator 105 to produce the IF 
signal through the second band-pass filter 106. The IF 
signal is of an intermediate frequency corresponding to 
the frequency difference between the RF signal and the 

45 local oscillation signal. The second band-pass filter 1 06 
removes components of undesired frequencies from the 
IF signal. 

The IF signal is amplified by a second variable-gain 
amplifier 107 by a controlled gain G 2 and is further am- 

so plified by a third variable-gain amplifier 1 08 by a control- 
led gain G 3 . After such an IF amplification, the IF signal 
is demodulated by a demodulator 109 into a demodu- 
lated signal R out . The demodulator 109 includes a level 
information generator which generates level information 

55 of the IF signal using a predetermined threshold level 
S-n_, to produce a level information signal R L as will be 
described later. Based on the level information signal R L 
received from the demodulator 109, a gain control signal 
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generator 110 generates a plurality of gain control sig- 
nals Rst-R^; which are individually controllable. More 
specifically, the gain control signal generator 110 is pro- 
vided with three control lines 111,112 and 1 1 3 which are 
connected to the variable-gain amplifiers 101, 107 and 
108 to control their gains G lf G 2 and G 3 , respectively. 
These gains G 1( G 2 and G 3 are controlled so that the 
input level of the demodulator 109 is kept constant. 

It is here assumed that the respective gains G^ G 2 
and G 3 of the variable-gain amplifiers 101 , 107 and 108 
increase as the respective levels of gain control signals 
R si" R s3 become higher and, contrarily, the respective 
gains G,, G 2 and G 3 decrease as the respective levels 
of gain control signals R S rRs3 become lower. 

It is further assumed that the level information signal 
R L increases as the level of the IF signal falls to less 
than the threshold level and, contrarily, the level in- 
formation signal R L decreases as the level of the IF sig- 
nal rises to more than the threshold level S^. In other 
words, the level information signal R L varies so that a 
variation of the level of the IF signal is canceled. 

And, as the level information signal l\ increases 
and decreases in level, the respective levels of gain con- 
trol signals R S1 -R S3 become higher or lower. Therefore, 
the gains G lf G 2 and G 3 individually increase and de- 
crease as the level information signal Rl increases and 
decreases in level. Needless to say, the level informa- 
tion signal R L may decrease and increase as the level 
of the IF signal rises and falls with respect to the thresh- 
old level S-th and the gains G v G 2 and G 3 individually 
increase and decrease as the level information siqnal 
R L increases and decreases in level. The details will be 
described referring to Fig. 2 and Fig. 3. 

FIRST EMBODIMENT OF GAIN CONTROL 

As shown in Fig. 2, the gains G 1( G 2 and G 3 vary 
with respect to the level information signal l\ within pre- 
determined gain ranges respectively. More specifically, 
in cases where the level of the IF signal rises to more 
than the threshold level S^, the level information signal 
R L decreases as described above. While the level infor- 
mation signal R L drops from a high level L 2 to a low level 
L 4 , the gains G 1 , G 2 and G 3 sequentially drop in the or- 
der presented. Firstly, the gain G 1 falls to a low level 
while the level information signal Rl drops from the level 
L, to a lower level as shown in Fig.2(a), secondly the 
gain G 2 falls to a low level while the level information 
signal F^ drops from the level L 2 to a lower level L 3 as 
shown in Fig.2(b), and finally the gain G 3 falls to a low 
level while the level information signal R|_ drops from the 
level L 3 to a lower level Uj as shown in Fig.2(c). In other 
words, referring to Fig. 1 , the variable-gain amplifiers 
101 , 107 and 108 decrease in gain in decreasing order 
of frequency. 

Contrarily, referring to Fig. 2, while the level infor- 
mation signal R L rises from the low level Uj to the high 
level L 2 , the gains , G 2 and G 3 sequentially rise in the 



reverse order presented. Firstly, the gain G 3 rises to a 
high level while the level information signal R L rises from 
the level tothe level L 3 as shown in Fig. 2(c). secondly 
the gain G 2 rises to a high level while the level informa- 

5 tion signal R L rises from the level L 3 to the level L 2 as 
shown in Fig. 2(b), and finally the gain G 1 rises to a high 
level while the level information signal F^ rises from the 
level L 2 to the level L 1 as shown in Fig. 2(a). In other 
words, referring to Fig. 1, the variable-gain amplifiers 

10 101 , 107 and 108 increase in gain in ascending order of 
frequency. 

In this manner, the overall gain of the variable-gain 
amplifiers 101, 107 and 108 is varied according to the 
level information signal R L as shown in Fig. 2(d) so that 
is the input level of the demodulator 109 is kept constant. 
As described above, when the received signal R )N 
increases in level to the extent of the signal-to-noise ra- 
tio (S/N) becoming insignificant, the gain control circuit 
of the radio receiver first lowers the gain of the first 
to variable-gain amplifier 1 01 . Therefore, the respective in- 
put levels of the frequency converter 102, the second 
variable-gain amplifier 107 and the third variable-gain 
amplifier 108 are prevented from becoming higher than 
is necessary. This results in effectively reduced distor- 
ts tion and power consumption and further simplified cir- 
cuit configuration, which can achieve space and cost 
saving. 

Further, according to the above embodiment, the 
gain control signals R S1 -R S3 are individually supplied to 

*> the variable-gain amplifiers 101, 107 and 108 through 
the control lines 111, 112 and 113, respectively. Such a 
configuration provides improved isolation between the 
variable-gain amplifiers and the effective prevention of 
malfunction such as undesired oscillation. 

15 Furthermore, according to the above embodiment, 
the variable range of gain for IF signals is wider than 
that for RF signals. More specifically, the total variable 
range (Fig. 2(b) and (c)) of gains of the IF amplifiers 1 07 
and 108 is wider than the variable range (Fig. 2(a)) of 

o gain of the RF amplifier 1 01 . This easily provides further 
improved isolation between the variable-gain amplifiers 
because a lower frequency generally reduces electro- 
magnetic coupling. 

5 SECOND EMBODIMENT OF GAIN CONTROL 

As described above, when the received signal R iN 
increases in level, the gain control circuit of the radio 
receiver first lowers the gain G 1 of the first variable-gain 
o amplifier 101. This results in slightly degraded S/N at 
the input of the demodulator 109. Needless to say, when 
the received signal R IN increases in level to such an ex- 
tent that the respective input levels of the following stag- 
es are sufficiently high, the S/N problem can be negligi- 
55 ble. 

The S/N problem, however, comes up when the re- 
ceived signal R (N reduces in level to such an extent that 
the S/N problem cannot be negligible and the input level 



4 



7 



EP 0 797 299 A2 



8 



of the following frequency converter 102 does not in- 
crease to the extent of distortion occurring. In this case, 
the following gain control method can improve the S/N 
and reduce the distortion. 

As shown in Fig. 3, the gains G 1t G 2 and G 3 vary 
with respect to the level information signal R L within pre- 
determined gain ranges, respectively. While the level in- 
formation signal R L drops from a high level 1^ to a level 
L 4 , the gains G 2 , and G 3 sequentially drop in the or- 
der presented. Firstly, the gain G 2 falls to a low level 
while the level information signal Ft L drops from the high 
level L 1 to a lower level L 2 as shown in Fig. 3(b), sec- 
ondly the gain G 1 falls to a low level while the level in- 
formation signal R L drops from the level to a lower 
level L 3 as shown in Fig. 3(a), and finally the gain G 3 
falls to a low level while the level information signal l\ 
drops from the level L 3 to a lower level L 4 as shown in 
Fig. 3(c). In other words, referring to Fig. 1, the IF vari- 
able-gain amplifier 107 first decreases in gain and then 
the IF variable-gain amplifier 108 decreases in gain. Fi- 
nally, the RF variable-gain amplifier 101 decreases in 
gain. 

Contrarily, referring to Fig. 3, while the level infor- 
mation signal R L rises from the low level L 4 to the high 
level , the gains G 2 , G 1 and G 3 sequentially rise in the 
reverse order presented. Firstly, the gain G 3 rises to a 
high level while the level information signal R L rises from 
the level L^to the level L 3 as shown in Fig. 3(c), secondly 
the gain G-, rises to a high level while the level informa- 
tion signal R L rises from the level L 3 to the level as 
shown in Fig. 3(a), and finally the gain G 2 rises to a high 
level while the level information signal R L rises from the 
level L 2 to the level as shown in Fig. 3(b). 

In this manner, the overall gain of the variable-gain 
amplifiers 101, 107 and 108 is varied according to the 
level information signal R L as shown in Fig. 2(d) so that 
the input level of the demodulator 109 is kept constant. 

As described above, according to the second em- 
bodiment, the second IF variable-gain amplifier 107 first 
decreases in gain in cases where the received signal 
R !N reduces in level to such an extent that the S/N prob- 
lem cannot be negligible and the input level of the fre- 
quency converter 1 02 does not increase to the extent of 
distortion occurring. Therefore, the S/N degradation and 
the signal distortion of the third variable-gain amplifier 
1 08 are reduced. When the received signal R, N increas- 
es in level to the extent of the S/N problem becoming 
negligible, the first RF variable-gain amplifier 101 de- 
creases in gain, which can achieves improved S/N and 
reduced distortion. 

GAIN CONTROL OF TRANSMITTER 

Referring to Fig. 4, a radio transmitter is provided 
with a first and second variable-gain amplifiers 201 and 
202 which are used to amplify IF signals. The first vari- 
able-gain amplifier 201 amplifies a transmission signal 
T, N by a controlled gains G 1 and the second variable- 



gain amplifier 202 further amplifies the output of the first 
variable-gain amplifier 201 by a controlled gain G 2 . The 
output of the second variable-gain amplifier 202 is con- 
verted to an RF signal by a frequency converter 203. 
$ The frequency converter 203 is comprised of a first 
band-pass filter 204, a mixer 205, a local oscillator 206 
and a second band-pass filter 207. The first band-pass 
filter 204 passes only signals of a predetermined IF band 
through. The mixer 205 mixes the IF signal with a local 
10 oscillation signal generated by the local oscillator 206 to 
produce the RF signal through the second band-pass 
filter 207. The RF signal is of a radio frequency corre- 
sponding to the frequency difference between the I F sig- 
nal and the local oscillation signal. The second band- 
*s pass filter 207 removes components of undesired fre- 
quencies from the RF signal. A third variable-gain am- 
plifier 208 amplifies the RF signal by a controlled gain 
G 3 to produce a radio transmission signal T OUT . 

A gain control signal generator 209 generates a plu- 
20 rality of gain control signals T S1 -T^ which are individu- 
ally controllable based on a transmission level signal 
Tso which is received from a transmission controller (not 
shown). More specifically, the gain control signal gener- 
ator 209 is provided with three control lines 21 0, 211 and 
25 21 2 which are connected to the variable-gain amplifiers 
201 , 202 and 208 to control their gains G v G 2 and G 3 , 
respectively. 

It is here assumed that the respective gains G t , G 2 
and G 3 of the variable-gain amplifiers 201 , 202 and 208 
30 increase as the respective levels of gain control signals 
T si" T S3 become higher and, contrarily, the respective 
gains G 1 , G 2 and G 3 decrease as the respective levels 
of gain control signals T S1 -T S3 become lower. It is fur- 
ther assumed that the level of the radiotransmission sig- 
35 nal T OUT increases as the transmission level signal T so 
becomes larger. In other words, the transmission con- 
troller varies the transmission level signal T so in level 
so that a variation of level of the RF transmission signal 
T OUT is canceled and the level of the RF transmission 
40 signal T OUT is kept constant because the transmission 
controller produces the transmission signal T, N . The de- 
tails will be described referring to Fig. 5. 

As shown in Fig. 5, the gains G 1: G 2 and G 3 vary 
with respect to the transmission level signal T^ within 
45 predetermined gain ranges, respectively. More specifi- 
cally, while the transmission level signal T so rises from 
the low level T 4 to the high level T 1f the gains G 1t G 2 
and G 3 sequentially rise in the order presented. Firstly, 
the gain Gj rises to a high level while the transmission 
so level signal Tqq rises from the level T 4 to the level T 3 as 
shown in Fig. 5(a), secondly the gain G 2 rises to a high 
level while the transmission level signal T so rises from 
the level T 3 to the level T 2 as shown in Fig. 5(b), and 
finally the gain G 3 rises to a high level while the trans- 
55 mission level signal Tqq rises from the level T 2 to the 
level T 1 as shown in Fig. 5(c). In other words, referring 
to Fig. 4, the variable-gain amplifiers 201, 202 and 208 
increase in gain in ascending order of frequency. 
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Contrarily, referring to Fig 5, while the transmission 
level signal T so falls from the high level T t to the low 
level T 4: the gains G 1f G 2 and G 3 sequentially drop in 
the reverse order presented. Firstly, the gain G 3 drops 
to a low level while the transmission level signal T so low- s 
ers from the level T, to the level T 2 as shown in Fig. 5 
(c), secondly the gain G 2 drops to a low level while the 
transmission level signal Tqq drops from the level T 2 to 
the level T 3 as shown in Fig. 5(b), and finally the gain 
G, drops to a low level while the transmission level sig- io 
nal T so drops from the level T 3 to the level T 4 as shown 
in Fig. 5(a). In other words, referring to Fig. 4, the vari- 
able-gain amplifiers 201 , 202 and 208 decrease in gain 
in descending order of frequency. 

In this manner, the overall gain of the variable-gain is 
amplifiers 201, 202 and 208 is varied according to the 
transmission level signal T so as shown in Fig. 5(d) so 
that the level of the radio transmission signal T OUT is 
kept constant. 

As described above, the gain control circuit of the 20 
radio transmitter first lowers and finally raise the gain G 3 
of the third variable-gain amplifier 208 to lower and in- 
crease the level of the radio transmission signal T OUT . 
Since a large part of power consumption is made by the 
third variable-gain amplifier 208, the gain control circuit 25 
remarkably reduces in power consumption. 

In addition, since the gain control circuit first lowers 
the gain G 3 of the third variable-gain amplifier 208 to 
lower the level of the radio transmission signal T OUT: the 
level control of the radio transmission signal T OUT is per- 30 
formed with minimizing the degradation of S/N. Such a 
gain control circuit provides advantages in communica- 
tion systems with small transmission power, such as a 
CDMA (code division multiple access) system employ- 
ing a direct sequence scheme. 35 

Further, the gain control signals T S1 -T S3 are individ- 
ually supplied to the variable-gain amplifiers 201, 202 
and 208 through the control lines 210, 211 and 212, re- 
spectively. Such a configuration provides improved iso- 
lation between the variable-gain amplifiers and the ef- 40 
f ective prevention of malfunction such as undesired os- 
cillation. 

Furthermore, the variable range of gain for IF sig- 
nals is wider than that for RF signals. More specifically, 
the total variable range (Fig. 5(a) and (b)) of gains of the 4s 
IF amplifiers 201 and 202 is wider than the variable 
range (Fig. 5(c)) of gain of the RF amplifier 208. This 
easily provides further improved isolation between the 
variable-gain amplifiers because a lower frequency gen- 
erally reduces electromagnetic coupling. so 

It is possible to set the respective variable-gain am- 
plifiers 201 , 202 and 208 to a gain of OdB which means 
that they are each powered off. In the case where the 
respective variable-gain amplifiers 201, 202 and 208 
can be powered off, the total power consumption of the ss 
transmitter is dramatically reduced by applying the con- 
trol method as shown in Fig. 5. 

Referring to Fig. 6, where circuit blocks similar to 



those previously described with reference to Fig. 4 are 
denoted by the same reference numerals, a radio trans- 
mitter is provided with a transmission level detector 21 3 
which is connected to the output of the third variable- 
gain amplifier 208. The transmission level detector 213 
produces a detected transmission level signal T L from 
the radio transmission signal T OUT and feeds it back to 
the transmission controller (not shown). The transmis- 
sion controller receives the detected transmission level 
signal T L and makes a correct ion to the transmission 
level signal T so using the detected transmission level 
signal T L . The gain control signal generator 209, as de- 
scribed before, generates the gain control signals T S1 - 
T^ which are individually controllable based on the cor- 
rected transmission level signal T^ which is received 
from the transmission controller. The correction of the 
transmission level signal T so is performed when the lev- 
el of the radio transmission signal T OUT increases to 
such an extent that the transmission level signal T L can 
be accurately detected. 

It is here assumed that the respective gains G,, G 2 
and G 3 of the variable-gain amplifiers 201 , 202 and 208 
increase as the respective levels of gain control signals 
Tsi"Ts3 become higher and, contrarily, the respective 
gains G 2 and G 3 decrease as the respective levels 
of gain control signals T^-T^ become lower. It is fur- 
ther assumed that the level of the radiotransmission sig- 
nal T OUT increases as the transmission level signal T so 
becomes larger. In other words, the transmission con- 
troller varies the corrected transmission level signal T so 
in level so that a variation of level of the RF transmission 
signal Tqut ' s canceled. 

In this transmitter, the gain control as shown in Fig. 
5 is also performed. The gains , G 2 and G 3 vary with 
respect to the corrected transmission level signal T so 
within predetermined gain ranges, respectively. More 
specifically, while the corrected transmission level sig- 
nal T so rises from the low level T 4 to the high level T v 
the gains G-,, G 2 and G 3 sequentially rise in the order 
presented. Firstly, the gain G, rises to a high level while 
the corrected transmission level signal Tqq rises from 
the level T 4 to the level T 3 as shown in Fig. 5(a), sec- 
ondly the gain G 2 rises to a high level while the corrected 
transmission level signal T so rises from the level T 3 to 
the level T 2 as shown in Fig. 5(b), and finally the gain 
G 3 rises to a high level while the corrected transmission 
level signal T^ rises from the level T 2 to the level T t as 
shown in Fig. 5(c). In other words, referring to Fig. 6, the 
variable-gain amplifiers 201, 202 and 208 increase in 
gain in ascending order of frequency. 

Contrarily, referring to Fig. 5, while the corrected 
transmission level signal T^ falls from the high level T-, 
to the low level T 4 , the gains G 1 , G 2 and G 3 sequentially 
drop in the reverse order presented. Firstly, the gain G 3 
drops to a low level while the corrected transmission lev- 
el signal T so lowers from the level T 1 to the level T 2 as 
shown in Fig. 5(c), secondly the gain G 2 drops to a low 
level while the corrected transmission level signal T so 
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drops from the level T 2 to the level T 3 as shown in Fig. 
5(b), and finally the gain G 1 drops to a low level while 
the corrected transmission level signal Tqq drops from 
the level T 3 to the level T 4 as shown in Fig. 5(a). In other 
words, referring to Fig. 6, the variable-gain amplifiers 
201 , 202 and 208 decrease in gain in descending order 
of frequency. 

In this manner, the overall gain of the variable-gain 
amplifiers 201, 202 and 208 is varied according to the 
corrected transmission level signal T so as shown in Fig. 
5(d) so that the level of the radio transmission signal 
Tout ' s ke P* constant. Since the transmission level sig- 
nal T L is fed back to be used to correct the transmission 
level signal Tqq, a more accurate level control of the ra- 
dio transmission signal Tq^j can De achieved. 

Further, the gain control circuit of the radio transmit- 
ter first lowers and finally raise the gain G 3 of the third 
variable-gain amplifier 208 to lower and increase the 
level of the radio transmission signal Toyj. Since a large 
part of power consumption is made by the third variable- 
gain amplifier 208, the gain control circuit remarkably 
reduces in power consumption. In addition, since the 
gain control circuit first lowers the gain G 3 of the third 
variable-gain amplifier 208 to lower the level of the radio 
transmission signal T OUT the level control of the radio 
transmission signal T OUT is performed with minimizing 
the degradation of S/N. Such a gain control circuit pro- 
vides advantages in communication systems with small 
transmission power as described before. 

It should be noted that the correction of the trans- 
mission level signal Tqq is not performed when the level 
of the radio transmission signal Tquj decreases to such 
an extent that the transmission level signal T L cannot 
be accurately detected. In such a case, the transmission 
controller supplies the transmission level signal to 
the gain control signal generator 209 as in the case of 
Fig. 4. 

DETAILS OF CIRCUITS 
VABI ABLE -GAIN AMPLIFIER 

A variable-gain amplifier as shown in Figs. 1 , 4 and 
6 may be comprised of a variable attenuator and a fixed- 
gain amplifier which are connected in series. 

Referring to Fig. 7A, the variable attenuator 301 re- 
ceives an input signal V, and attenuates it according to 
the gain control signal. The output of the variable atten- 
uator 301 is then amplified by the fixed-gain amplifier 
302. In this arrangement, the gain control is performed 
by the variable attenuator 301 before amplification. 
Therefore, even when the input signal V ( becomes larg- 
er in level, the input level of the fixed-gain amplifier 302 
is restricted, resulting in reduced distortion in the fixed- 
gain amplifier 302. 

Referring to Fig. 7B, the fixed-gain amplifier 401 
amplifies an input signal V, before the variable attenua- 
tor 402 attenuates the amplified input signal according 



to the gain control signal. In this arrangement, since the 
gain control is performed after amplification, the degra- 
dation of S/N is prevented. 

5 DEMODULATOR 

Referring to Fig. 8, the demodulator 109 as shown 
in Fig. 1 may include a demodulator 501 and a level in- 
formation generator which is comprised of a subtractor 
10 502 and an integrator 503. In the level information gen- 
erator, the subtractor 502 subtracts the IF signal from 
the threshold level S XH and the integrator 503 integrates 
the result to produce the level information signal Rl. 
Since the integrator 503 integrates negative values 
when the level of the I F signal is greater than the thresh- 
old level S TH and positive values when the level of the 
I F signal is smaller than the threshold level Sj H , the level 
information signal R L varies in level until the level of the 
IF signal is equal to the threshold level S^. 

20 

GAIN CONTROL SIGNAL GENERATOR 

Referring to Fig. 9, the gain control signal generator 
includes a plurality of gain offset setting circuits 

25 601-603. The respective gain offset setting circuits re- 
ceive a level information signal V L and produce gain 
control signals V S1 -V^. The level information signal V L 
is the level information signal R L or the transmission lev- 
el signal T^ and the gain control signals V S1 -V S3 are 

30 the gain control signals R S1 -R S3 or T S1 -T^ in the above 
embodiments. The respective gain offset setting circuits 
60 1 -603 provide different offset amounts of gain and the 
same slop of gain characteristic as shown in Figs. 2, 3 
and 5, where the offset amount of gain is set to provide 

35 a shift of starting and terminating points of gain variation. 

Referring to Fig. 10, each gain offset setting circuit 
may be comprised of two inverting amplifiers which are 
connected in series to form a non-inverting amplifier. 
The controlled gain G of the corresponding variable- 

^0 gain amplifier is determined based on the ratio of resist- 
ances R 1 and R 2 and the ratio of resistances R 5 and Rq. 
The offset amount of gain is determined based on the 
applied voltage V, the ratio of resistances R 3 and F^, 
and the ratio of resistances R 7 and R 8 . 

45 Referring to Fig. 11 , each gain offset setting circuit 
may be comprised of one inverting amplifier. In this 
case, the higher the level information signal V L , the low- 
er the gain of the corresponding variable-gain amplifier. 
Therefore, in the case where the level information signal 

50 V L increases as the level of the IF signal of the receiver 
as shown in Fig. 1 becomes higher or where the corre- 
sponding variable-gain amplifier reduces in gain as the 
level of the gain control signal becomes higher, the gain 
offset setting circuit of the inverting amplifier is usable. 

55 

TRANSMISSION LEVEL DETECTOR 

Referring to Fig. 1 2, the transmission level detector 
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21 3 of the radio transmitter may be comprised of a diode 
Dgo for half-wave rectification and a smoothing circuit 
comprising a resistor R^, a capacitor C 20 and a resistor 
R 2 i- The diode rectifies the radio transmission sig- 
nal t out ar >d the rectified signal is smoothed to the 
transmission level signal T L . 

Referring to Fig. 1 3, the transmission level detector 
2 1 3 of the radio transmitter may be comprised of a diode 

for half-wave rectification and a smoothing circuit 
comprising a resistor R 30 , a capacitor C 30 and a resistor 
R 31 . The transmission level detector 213 is further pro- 
vided with an inductor through which a fixed voltage 
+v is applied to the anode A of the diode D^. The diode 

rectifies the radio transmission signal T OUT and the 
rectified signal is smoothed to the transmission level sig- 
nal T L . Since a constant direct bias is applied to the an- 
ode of the diode D 30 through the inductor L^, the induc- 
tor Lgo is capable of suppressing degradation of level 
detection sensitivity caused by a forward voltage drop 
of the diode D 30 . 



Claims 

1 . A gain controller for controlling a level of an output 
signal of a radio apparatus which includes a plurality 
of variable-gain amplifiers (101, 107-108, 201-202 
and 208) and at least one frequency converter (1 02, 
203) which are connected in series, characterized 
by: 

a plurality of gain control lines (111-113, 
21 0-21 2) connected to the variable-gain ampli- 
fiers, respectively; and 

a gain control signal generator (110, 209) for 
individually generating a plurality of gain control 
signals which are supplied to the variable-gain 
amplifiers through the gain control lines, re- 
spectively. 

2. The gain controller according to claim 1 , wherein a 
frequency converter is connected to a first stage 
(101, 208) for a relatively high frequency at one end 
and is connected to a second stage (107-108, 
201 -202) for a relatively low frequency at the other 
end, each stage including at least one variable-gain 
amplifier, 

wherein the variable-gain amplifiers individu- 
ally vary in gain depending on the gain control sig- 
nals, respectively, such that a variable-gain ampli- 
fier of the first stage decreases in gain before a var- 
iable-gain amplifier of the second stage does when 
the output signal increases in level to more than a 
predetermined level, and a variable-gain amplifier 
of the second stage increases in gain before a var- 
iable-gain amplifier of the first stage does when the 
output signal decreases in level to less than the pre- 
determined level. 



3. The gain controller according to claim 1 , wherein a 
frequency converter is connected to a first stage for 
a relatively high frequency at one end and is con- 
nected to a second stage for a relatively low fre- 
5 quency at the other end, each stage including at 
least one variable-gain amplifier, a variable range 
of gain in the second stage being wider than that in 
the first stage. 

io 4. The gain controller according to claim 1, wherein 
the first stage includes a first number of variable- 
gain amplifiers and the second stage includes a 
second number of variable-gain amplifiers, the first 
number being smaller than the second number 

15 

5. The gain controller according to claim 1 , wherein a 
frequency converter is connected to a first stage for 
a relatively high frequency at one end and is con- 
nected to a second stage for a relatively low fre- 

20 quency at the other end, each stage including at 
least one variable-gain amplifier, 

wherein the variable-gain amplifiers individu- 
ally vary in gain depending on the gain control sig- 
nals, respectively, such that a leading variable-gain 

25 amplifier of the second stage decreases in gain be- 
fore a variable-gain amplifier of the first stage does 
when the output signal increases in level to more 
than a predetermined level, and a variable-gain am- 
plifier of the first stage increases in gain before the 

30 leading variable-gain amplifier of the second stage 
when the output signal decreases in level to less 
than the predetermined level. 

6. The gain controller according to claim 1, wherein 
3S the variable-gain amplifiers individually vary in gain 

depending on the gain control signals, respectively, 
such that the variable-gain amplifiers sequentially 
decrease in gain in order of a signal stream when 
the output signal increases in level to more than a 
40 predetermined level, and the variable-gain amplifi- 
ers sequentially increase in gain in the reverse or- 
der of the signal stream when the output signal in- 
creases in level to more than a predetermined level. 

4$ 7. The gain controller according to claim 1, wherein 
the variable-gain amplifiers individually vary in gain 
depending on the gain control signals, respectively, 
such that the variable-gain amplifiers sequentially 
decrease in gain in the reverse order of a signal 

50 stream when the output signal increases in level to 
more than a predetermined level, and the variable- 
gain amplifiers sequentially increase in gain in the 
order of the signal stream when the output signal 
increases in level to more than a predetermined lev- 

55 el. 

8. A gain control method for controlling a level of an 
output signal of a radio apparatus which includes a 
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plurality of variable-gain amplifiers (101, 107-108, 
201 -202 and 208) and at least one frequency con- 
verter (102, 203) which are connected in series, 
characterized by the steps of: 

5 

a) generating a plurality of gain control signals 
corresponding to the variable-gain amplifiers, 
respectively, based on the level of the output 
signal; and 

b) individually varying the variable-gain ampli- 10 
tiers in gain according to the gain control sig- 
nals, respectively, so that the level of the output 
signal is kept at a predetermined level. 

9. The gain control method according to claim 8, is 
wherein a frequency converter is connected to a 
first stage for a relatively high frequency at one end 
and is connected to a second stage for a relatively 
low frequency at the other end, each stage including 

at least one variable-gain amplifier, 20 

the step b) comprising the steps of: 
decreasing a gain of a variable-gain amplifier 
of the first stage before decreasing a gain of a 
variable-gain amplifier of the second stage 2s 
when the output signal increases in level to 
more than a predetermined level; and 
increasing a gain of a variable-gain amplifier of 
the second stage before increasing a gain of a 
variable -gain amplifier of the first stage when 30 
the output signal decreases in level to less than 
the predetermined level. 

10. The gain control method according to claim 8, 
wherein a frequency converter is connected to a 35 
first stage for a relatively high frequency at one end 
and is connected to a second stage for a relatively 
low frequency at the other end, each stage including 

at least one variable-gain amplifier, a variable range 

of gain in the second stage being wider than that in 40 

the first stage. 

11. The gain control method according to claim 8, 
wherein a frequency converter is connected to a 
first stage for a relatively high frequency at one end *s 
and is connected to a second stage for a relatively 
low frequency at the other end, each stage including 

at least one variable-gain amplifier, 

the step b) comprising the steps of: so 
decreasing a gain of a leading variable-gain 
amplifier of the second stage before decreasing 
a gain of a variable-gain amplifier of the first 
stage when the output signal increases in level 
to more than a predetermined level; and ss 
increasing a gain of a variable-gain amplifier of 
the first stage before increasing a gain of the 
leading variable-gain amplifier of the second 



stage when the output signal decreases in level 
to less than the predetermined level. 

12. The gain control method according to claim 8, 
wherein the step b) comprises the steps of: 

sequentially decreasing the variable-gain am- 
plifiers in gain in order of a signal stream when 
the output signal increases in level to more than 
a predetermined level; and 
sequentially increasing the variable-gain ampli- 
fiers in gain in the reverse order of the signal 
stream when the output signal increases in lev- 
el to more than a predetermined level. 

13. The gain control method according to claim 8, 
wherein the step b) comprises the steps of: 

sequentially decreasing the variable-gain am- 
plifiers in gain in the reverse order of a signal 
stream when the output signal increases in lev- 
el to more than a predetermined level; and 
sequentially increasing the variable-gain ampli- 
fiers in gain in the order of the signal stream 
when the output signal increases in level to 
more than a predetermined level. 

14. A receiver comprising: 

a frequency converter (1 02) for converting a rel- 
atively high frequency signal into a relatively 
low frequency signal; 

a plurality of variable-gain amplifiers (101,1 07, 
108) connected in series to the frequency con- 
verter which follows a first stage (101) including 
at least one first variable-gain amplifier and is 
followed by a second stage (1 07, 1 08) including 
at least one second variable-gain amplifier, and 
a level detector (1 09) for detecting a level of an 
output signal of the second stage to produce a 
level information signal, 
characterized by: 

a gain controller (110) for individually generat- 
ing a plurality of gain control signals based on 
the level information signal, the gain control sig- 
nals being supplied to the variable-gain ampli- 
fiers through a plurality of gain control lines 
(111-113), respectively. 

15. The receiver according to claim 1 4, wherein the var- 
iable-gain amplifiers individually vary in gain de- 
pending on the gain control signals, respectively, 
such that the variable-gain amplifiers sequentially 
decrease in gain in the order of a received signal 
stream when the output signal increases in level to 
more than a predetermined level, and the variable- 
gain amplifiers sequentially increase in gain in the 
reverse order of the received signal stream when 
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the output signal increases in level to more than a 
predetermined level. 

16. The receiver according to claim 14, wherein the var- 
iable-gain amplifiers individually vary in gain de- 5 
pending on the gain control signals, respectively, 
such that a leading variable-gain amplifier of the 
second stage decreases in gain before a variable- 
gain amplifier of the first stage does when the output 
signal increases in level to more than a predeter- 10 
mined level, and a variable-gain amplifier of the first 
stage increases in gain before the leading variable- 
gain amplifier of the second stage when the output 
signal decreases in level to less than the predeter- 
mined level. 75 

17. A transmitter comprising: 

a frequency converter (203) for converting a rel- 
atively low frequency signal into a relatively 20 
high frequency signal; and 
a plurality of variable-gain amplifiers (201 , 202, 
208) connected in series to the frequency con- 
verter which follows a first stage (201 , 202) in- 
cluding at least one first variable-gain 5 ampli- 2s 
fier and is followed by a second stage (208) in- 
cluding at least one second variable-gain am- 
plifier, 

characterized by: 

a gain controller (209) for individually general- 30 
ing a plurality of gain control signals based on 
a transmission level signal, the gain control sig- 
nals being supplied to the variable-gain ampli- 
fiers through a plurality of gain control lines 
(210-212), respectively. 35 

18. The transmitter according to claim 17, wherein the 
variable-gain amplifiers individually vary in gain de- 
pending on the gain control signals, respectively 
such that the variable-gain amplifiers sequentially 40 
decrease in gain in the reverse order of a stream of 

the transmission signal when the transmission sig- 
nal increases in level to more than a predetermined 
level, and the variable-gain amplifiers sequentially 
increase in gain in the order of the stream when the 45 
transmission signal increases in level to more than 
a predetermined level. 

1 9. The transmitter according to claim 1 7 : further com- 
prising: so 

a transmission controller for adjusting the 
transmission level signal so as to keep an output 
signal of the second stage at a predetermined con- 
stant level. 

ss 

20. The transmitter according to claim 1 7, further com- 
prising: 



a transmission level detector (21 3) for detecting 
an output level from an output signal of the sec- 
ond stage; and 

a transmission controller for adjusting the 
transmission level signal using the output level 
so as to keep an output signal of the second 
stage at a predetermined constant level. 
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